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Description 

:£5»=SE=335=SS5S2 

high degree of operator invohrement. due to extensive washing steps ^T^'^^LSIriwiBtor analytes of 
of better than lOe-6 M are desired. Even this level of sensrtwrty .s insufficient for ft. detecton of smaller analytes ^o 

is a potent drug hav,ng a therapeutic effect at <*™£*^"^Z?^ therapeutic effects and the sensitivity 
digoxin can also be toxe at low concentrate, with the ^ e ^™™ l °? r ^°™J^ n # djgoxjn m me nanomolar 
to toxicrty being dependent on the particular patient undergomg treatmen ^^^ t ^ abl6 « measuring 
range is required for treating card«c patients, and any useful * «°J ^X^pfo^ a homogeneous 
nanomolar concentrations wrth a rapid ™P° ns ^^ The drtficu.ty in devefcping 

system of higher sensitivrty, but to date the development of such a system nas oeen » ' hv W R 

such systems based on nonenzymes electroactive labe.ling for immunoassays ,s descnbed by W.R. 

Heineman et ai in Meth ods of Biochemical Analysis . 32. pages 345-393 (1986). 

ThT^se o h omogeneous elec.rochem.ca. immu noassays for detecting the presence of theophylhne has been re- 
ported ^ t^ga^tl in Analytical Biochemistry . 118. pages 286-293 (1 981). ^9 alip^ome 
ploying liposome which contain entrapped enzymes whose actKrity is direct, y g^^t^SS 
and inversely proportional to the concentration of free antigen .n the sample. When a curren pu se « ™ 
the sample. The enzyme catalyzes the deplete of oxygen whfch is detected ^^S^^fcSSS 
registered. The incorporation of electroactive molecules within liposomes :s reported n RM Kalmuck et al n Ana^ca 
chemistry . 60. pages 142-147 (1988). which describes the encapsulation of ^'^^^^S^! 
torsional a mplification. The liposome binds with an antibody present in the sample, releasing the encj^su^eo poas 

which transits a charge to the electrode surface. Electroactive 
oretical interest, is difficult to utilize in practice and can produce false readings due to the instab.lrty of the liposomes 



^ZTtT^^s and homogeneous immunoassay systems invoking ele^oactive i enz^e c- 
p,exes is also described in G.A. Robinson et al. Journal oflmmjmpssa* 7 pages ^^^^^^ 
Aoolication EP-A-0 167 245. filed May 13. 1985. and in European Patent Application EP-A-0 142 30V This tec hn oiogy 
Tsdie^d to the detects of thyroxine by employing a conjugate o, thyroxine and ferrocene 
conjugate functions as an electron transfer mediator between an oxido-reductase enzyme. such a ^ uc ° se °^ 
and an e.ectrode. The ability of the conjugate to function as an electron transfer mediator is paired by 
o^an anti-thyroxme antibody which binds to the conjugate reducing the current flow to the electrode. In the homogeneous 
mie a o7the necessary components of the system including the conjugate, antibody, thyroxine g.ucose ox Jase and 
alucose are initially present or added to the sample. Alternatively, the heterogeneous mode contains the enzyme and 
S whS ^mmobilaedon me electrode. This system has the disadvantage of being subject to in erference 
such as" interference from oxygen wh*h is present and not purged from the system, or the production of I hydrogen 
peroxide as a srtJe reaction product. Moreover, the additional requirement of enzyme reaction and d,«us,on necess.ates 
an increased response time for this system, as well as the requirement for measunng both the baseline activity, and the 
activity level after the addrtiona. of sample. According to EP-A-0 142 301 antibodies specific for an an#e may 
provided with an electroactive label e.g. by means of an avidin-biotin binding system or by formation of a ca, ex 
between said antibody and a second ferrocene-labelled antibody which has been raised against said first antibody. It * 
• said that similar reactions may be applied in order to incorporate an electroactive label into an antigen molecule 

Similarly, both H.M. Eggers et al. r.i.n.^l Chemistry. 28. pages 1848-1851 (1982). and T.T. Ngo et al. Ao^ 
so Ri^mistrv and Biotechnology , v.. pages 63-70 (1984), describe electrochemical ^"«^ay techniques for de- 
tecting the presence in samples of NADH and DNP-aminocaprodoic acid, respectively. Both of these me hods have 
many of the same disadvantages as the methods discussed previously, and in addition sensitivities of only 10e-6M are 

thought to be possible using these approaches. ' , 

Chemically-modified enzymes which are capable of directly participating in oxidation/reduction reactions are de- 
55 scribed by Y. Degani and A. Heller in Tha Journal of Physical Chemistry. 91 pages 1 285-1289 (1986) J^m^ihe 
American Chemical Society . 110, pages 2615-2620 (1988). and in European Patent Application EP-A-0 278 647. filed 
February 1 1988 The technology described in these publications involves the reaction of enzymes such as glucose 
oxidase and D-amino acid oxidase with ferrocene carboxylic acid to lorm a complex which contains a redox center. The 
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complex is capable of direct electrical interaction with an electrode. Alternatively, the tyrosine groups of glucose oxidase 
can be transformed into electrochemical^ active groups, such as DOPA groups, permitting the same interaction. The 
presence of glucose in a sample is determined by directly measuring the current at the electrode due to the reaction of 

alucose with the modified enzyme. . 

As pointed out in European Patent Application No. 88300814.6. the electrolytic modificaUon of an enzyme to incor- 
porate a redox center or couple, while theoretically desirable is usually difficult to achieve. Attempted modifications of 
enzymes can readily lead to deactivation, such as the attempted modification of carboxy groups in bovine carboxypepti- 
dase A with N-ethyl-S-phenylisoxazolium-S-sulphonate. As indicated in the European patent appl.cat.on. the presence 
of the redox center in the modified enzyme is believed to be critical since the redox center must be close enough to the 
electrode to permit electron transfer, while sufficiently removed from the chemical center to avoid deactivation of the 
enzyme It will be appreciated that in practice this is a difficult condition to achieve. 

In one embodiment, the present invention provides an electroactive complex characterised in that it is soluble in a 
biological fluid/physiological solution and comprises at least one antigenic analyte covalently-bonded to a earner mole- 
cule the carrier molecule also being covalently-bonded to at least one electroactive molecule, the said earner molecule 
having plurality of sites for binding one or more antigenic analytes and tor binding one or more electroactive molecules. 

Preferably the analyte is digoxin. the earner molecule is bovine serum albumin, and the electroactive molecule is 
ferrocene carboxylic acid. The electroactive complex is combined with a sample of biological fluid, such as blood, in an 
electrolytic cell which also contains predetermined amounts of an antibody to the analyte. Differential pulse vottammetry 
is used to determine the peak current caused by the complex in the sample fluid. This current is compared to standard 
curves generated using known amounts of analyte. antibody and electroactive complex to determine the concentration 

of antigen present in the sample. . 

in a further embodiment, the present invention provides a method for determining the concentration of an analyte 
present in a biological fluid characterised in that it comprises:. 

25 " ' ' (a) forming such an electroactive complex such that the carrier molecule is soluble in the said biological fluid and 
the electroactive molecule being capable of transferring a charge to an electrode; 

(b) adding a sample of the biological fluid, optionally containing buffer, predetermined amounts of the electroactrve 
complex, which competes with free analyte. and an antibody to the analyte to an electrochemical cell equipped with 

a set of electrodes: , ... . 

X (c) applying a voltage across the electrodes and measuring the current in the fluid at different voltages to establish 

a voltage/current relationship for the fluid: and 

(d) comparing the voltage/current relationship for the fluid with standard voltage/current relationships generated 
using known amounts of analytes to determine the concentration of analyte present in the sample. 

35 The homogeneous amperometric immunoassay of this invention is a competitive immunoassay which involves the 

competitive binding of an electroactive conjugate or complex containing the antigen or analyte as a component thereof 
with free antigen in a sample for binding to an antibody specific for the antigen. The electroactive complex is capable 
of transferring electrons to electrodes which are inserted in a sample of a biological fluid, such as human blood or serum, 
also containing the electroactrve complex. However, upon introduction of an antibody specific to the analyte or antigen 

*> in the sample, the electroactive complex is bound and thereby prevented or inhibited from transferring electrons to the 
electrode This reaction is reversible in a competitive binding environment since the introduction of free analyte m the 
sample or the presence of free analyte in the sample, competes with the complex-bound antigen for antibodies. It is 
believed that the complex is deactivated due to steric hindrance of the complex, by the antibody or that diffusion to the 
electrode is slower due to the increased size of the antibody bound complex. In this sense, the immunoassay technique 

« employed in this invention is similar to a classical competitive binding assay except that the present system can be 
conveniently adapted for electrolytic measuring techniques. : . . . , 

In carrying out the present invention, three electrodes are contacted with the sample of biological fluid in a suitable 
container Physical contact is generally made by immersing the electrodes in the sample. Both the working electrode 
and the counter electrode are generally metal electrodes formed from gold or platinum or graphite electrodes. Convenient 

so reference electrodes include Hg/Hg 2 Cl 2 and Ag/AgCI in chloride ion-containing solutions. 

The sample generally contains an unknown amount of analyte which is to be determined using the present detection 
technique A predetermined amount of electro-active complex and an antibody to the antigen are added to a fixed amount 
of sample A voltage is applied across the electrodes and the current through the sample solution is measured. The 
voltage is applied using differential pulse voltammetry whereby small amplitude pulses of voltage are applied over a 

S5 certain voltage range. The current is sampled both just before and alter the pulse and the output signal is the current 
difference From this data the peak current obtained over the voltage range can be determined. This peak current is 
compared to standard or reference curves which are generated by using known amounts of antigen with the same 
predetermined amount of electroactive complex and antibody in an appropriate matrix The amount of antigen present 
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in the orioinal samole is then conveniently determined from the standard curve. 

SanZ vlcn are useful in the present invention tor preparing the electroactive complex and which are 
suitaL e' tor £2 Bremen, in a sample fluid include digoxin. theophylline. HCG and CKMB. As ^ 
are an capable o« being covalently bound to a suitable carrier molecule, such as bov,ne serum albumin ^Jj* le 
asoboundtoanelect^ 

to a ferrocene/BSA conjugate is described in more detail in Example 1. While Example 1 * specific tor the reacts n s 
^?SZ^ZLS be appreciated that the preparatory technk,ue ,s app.«ab.e "W™**^^* 
o. such covalent attachment. More than one analyte can be attached to the earner mo.ee ule 4 des ^ resutt,n9 " 
multiple binding sites lor the antibody and enhanced inhibition and inactivation of the « ,wt ^ ctw "° r ^' e V dified , of 
Oigoxin is a preferred analyte since it is widely used in clinical environments and can be chemically rnod*« for 
covaTenTattachmen, to a carrieTmolecu.e through me formation of Schiffs bases followed by reduc^ M da*»n 
molecule Since digoxin is only sparingly soluble in aqueous solutions, it is desirable that any electroactive complex 
'ZSSSZSZ or more ZJL « oigoxin be a, leas, as soluble, and P-^^^SSSS 
alone. Although digoxin has been specifically illustrated in the accompanying examp.es. it •J^J^SSSS 
this invention is ate app.icab.e to a wide range of suitable analytes of eMI interest, provided itMM «JJ^ 
be chemically modified to incorporate amino or carboxy. groups, and can therefore be cova.en tlybound to the ca m 
molecule, and that me e.ectroactive comp.ex formed from the ana.yte is soluble in me i? h f ana)yt e 
essary for the analyte to have a corresponding antibody which is capable of b.nd.ng to the ana*te and to th , anaJyw 
component of the eleclroactrve complex. Upon attachment to the analyte ponton of the e 

plex should be e.ectrica.ly deactivated so that me transfer of electrons from the comp.ex to the •J*"*"^'^* 
impeded. Antibodies se.ective for digoxin have a h.gh affinity constant and are therefore useful ,n ' ""^^ "*E 
containing free digoxin and electroactive-comp.ex. Amounts-of analyte which can be present m tta "^"V"* 
depending on me normal dosage range of the analyte which is used for therapeutic purposes 

pbient drug, is typically present in amounts of from about 0.5 nanograms/ml of sample to about 2.0 nanograms/m. of 

Sam Th e e electroactive molecule is a molecule which contains a redox center and is capable of ^ferringj Id 
the electrode. Typical electroactive molecules include me ferrocene derivatives, such as ferrocene "^LT^Tr 
ferrocenylacetic acid. The e.ectroactive molecule must also be capable of being covalently bound to HunMm" 
molecule without mereby losing me capability of transferring a charge to the electrode. Ferrocene ca*oxyle ac,djs a 
particularly preferred electroactive molecule. If desired, more than one electroactive molecule can be preferably cova- 
lently bound to the carrier molecule to produce an amplification effect resulting in a higher amperome nc response than 
obtainable with a single electroactive molecule. Ferrocene derivatives are preferred electroactive molecules since they 
have excellent electrochemical properties, including redox activity over a wide potential range, revers.bil.ty. pH ^de- 
pendence. non-autoox.dation. low solubility in the reduced form and a high solubility in me oxidized term. 

The electroactive complex can be prepared by any suitable means which provides for the covalent attachment of 
the electroactive molecule, the carrier molecule and me antigenic analyte. Example 2 illustrates the P«paratwn of a 
ferrocene-BSA-digoxin complex which contains multiple ferrocene and digoxin molecules linked by a .single BSA moU 
ecule in the procedure disclosed in this example, ferrocene groups are first bound to a molecule of BSA using 'errocene 
carboxylic acid as a reactant to form a conjugate, and multiple digoxin groups are then bound to the BSA part of tne 

40 conjugate. . t - , - 

The use of a carrier molecule, such as BSA, to form the electroactive complex has been found to be essential in 
the practice of mis invention. The omission of me intermediate carrier or linking molecule was attempted during the 
synthesis of a ferrocene-digoxin molecule, but during me synthesis a ferrocene derivative was produced which was 
found to be insoluble in me sample. The use of BSA, which is a plasma protein regulating the osmotic pressure of blood. 
4S has me advantage of being highly soluble in aqueous solutions, having an intrinsic buffering action, and containing a 
large number of hydrophilic amino group residues which permit covalent modification and the attachment of more than 
one ferrocene and digoxin molecule to a single BSA molecule. Although BSA is a preferred carrier molecule, other earner 
' molecules which are readily soluble in a sample of interest can also be used, such as cytochrome C or ribonuclease^ 
The electroactive complex and antibody should also be compatible with any additional components which may be 
so added to the sample such as buffering agents and stabilizers. Typically, me sample fluid will be buffered to a pH within 
the range of 6.5 to 7.5. depending on me particular test which is to be run. 

The homogeneous arnperometric immunoassay of this invention has been found to have a high level of sensitivity 
which is useful in the measurement of small quantities of anatytes. wnile employing the lower level of operator involve- 
ment limited to less sensitive immunoassays to date, 
ss The following examples are intended to illustrate various embodiments of me present invention. 
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Example i 

A ferrocene-BSA conjugate was prepared using the general procedure described by Y. Degani and A. Heller in the 
Journal of Physical Chemistry ( 1 987), except that BSA was substituted for glucose oxidase. 

s Ferrocene carboxylic acid, 80 mg, was ground in a small mortar and pestle to a fine powder. It was then dissolved 

by adding a minimal amount of 0. 1 5 M Na-Hepes buffer a few drops at a time. Two ml was usually sufficient if the powder 
was finely ground. The Hepes buffer was left unadjusted for pH until the powder was dissolved. The solution of ferrocene 
carboxylic acid was transferred to a 25 ml sample bottle containing a magnetic stirring bar. and all containers were rinsed 
with fresh buffer until the total volume equaled about 4 ml. The sample bottle was immersed in an ice bath, set up for 

io pH monitoring with stirring and the pH was adjusted to 7.3 by adding 0.1 M HCI dropwise. During all of the remaining 
steps, the pH was maintained between 7.2-7.3 by adding either 0.1 M HCI or 0.15 M Na-Hepes dropwise. [1-(3-dimeth- 
ylaminopropyl)-3-ethylcarbodiimide hydrochloride). 100 mg. was added and the solution stirred for 30 minutes. Then 
810 mg of urea was added with an additional 15 minutes of stirring. The stirring speed was increased to create a visible 
vortex while 250 mg of BSA was added gradually, allowing each added amount to dissolve completely before the next 

is addition to avoid clumping. The solution became relatively homogeneous and viscous. Stirring continued for 30 minutes 
after aii of the BSA had been dissolved. The sample bottle was covered with paraffin and set in a refrigerated Dewar 
flask at 4°C for 18 hours. If left too long, the reaction continues and a coagulated mass results. The mixture was cen- 
trifuged at a low speed for 1 5 minutes after transfer a centrifuge tube. The turbid supernatant was filtered under slight 
pressure (2 atm) through a 0.2 u.m pore filter. 

20 The conjugate was purified from the starting reactants by passage through a 1 .5 cm x 20 cm Sephadex® G-15 gel 

chromatography column. The gel column was equilibrated and eluted with sodium phosphate buffer, pH 7.0. Fractions 
of 2 ml volume were collected and the orange conjugate was eluted at about the 13th of 25 fractions collected. The 
- identity of the conjugate was verified by absorbence maxima: 280 nm for BSA and 450 nm for ferrocene carboxylic acid. 
The electroactivity of the conjugate was confirmed.by cyclic and differential pulse voltammograms obtained on a standard 

2S three electrode system using platinum counter and working electrodes and an Ag/AgCI reference electrode with a po- 
tentiostat (Table 1 ). 

Example 2 

30 A ferrocene- BSA-digoxin complex was prepared using the general procedure described in V.P. Butler et al, Methods 

in Enzvmoloqy (1962). 

Oigoxin, 50 mg. was ground to a fine powder using a mortar and pestle. The powder was then mixed with a minimal 
amount of 95% ethanol (less than 1 ml). After transfer to a 25 ml sample bottle with rinsing of the mortar and pestle with 
additional ethanol (1 ml), the mixture had a milk of magnesia consistency. Freshly prepared 0.1 M Nal0 4) 2 ml, was 

35 added to the mixture dropwise over 5 minutes with continuous stirring. The stirring was then continued for 30 more 
minutes. Ethylene glycol, 0.1 ml, was added to stop the reaction and deactivate excess unreacted Nal0 4 and stirring 
was continued for 5 minutes. The pH of the mixture was then adjusted to 9.3-9.5 by the addition of 5% K 2 C0 3 dropwise 
and the purified ferrocene-BSA conjugate was added all at once. Maintaining the pH in the 9.3-9.5 by the addition of 
5% K 2 C0 3 . stirring was continued for 45-60 minutes or until the pH remained stable for 20 minutes. Freshly dissolved 

to NaBH 4 , 30 mg in 2 ml of deionized water was added to the mixture, the bottle was covered with foil loosely to allow gas 
evolution and left to stand 18 hours at room temperature. At the end of this time. 1 M formic acid was added until the 
pH reached 6.5 and then the mixture stood at room temperature for 1 hour. Stirring was resumed and 1 M NH 4 OH was 
added dropwise until the pH reached 8.5. 

The ferrocene- BSA-digoxin complex was purified from the starling reactants by passage through the same type of 

*s column as that used for the ferrocene-BSA conjugate purification. At least 35 fractions of 2 ml each were collected. The 
digoxin containing fractions were identified by noting the color change of 200 microliter samples of each fraction when 
added to 1 ml of H 2 S0 4 . Digoxin turns reddish-brown in concentrated H 2 S0 4 and fractions 21 -26 were found to contain 
digoxin. As done previously the electroactivity of the complex was determined for these fractions (Table 1 ). 



TABLE 1 





El/2 


cathodic peak 


anodic peak 


ferrocene-carboxylic acid 
ferrocene-BSA conjugate 
ferrocene- BSA-digoxin complex 


330 mV 
480 mV 
480 mV 


290 mV 
430 mV 
380 mV 


370 mV 
530 mV 
580 mV 



5 



EP0 402 126 B1 



Example 3 

Polyclonal antidigoxin antibody was added to the ferrocene-BSA-digoxin complex in 0.085 M NaHP0 4 buffer, pH 
7.0 and incubated for 20 minutes at 37*C. The added antibody caused a 40% decrease in cathodic current. The addition 
5 of free digoxin. restored the cathodic current to the original value. 

Example 4 

The peak oxidation current for the ferrocene-BSA-digoxin complex. lOe-8 M. in a 1 ml phosphate buffer sample 
io volume was measured by differential pulse voltammetry. A 10 u.l aliquot of polyclonal antidigoxin antibody was added 
to the complex and mixed for 20 minutes. The peak oxidation current was again measured. Then 50 u.l of various con- 
centrations of digoxin standards were added with mixing for 20 minutes after which peak oxidation currents were again 
measured. The experiment performed in this way shows a dynamic range for digoxin concentration of 100-300 ng/ml 
which corresponds to 1 x 10e-7 to 4 x 10e-7 M digoxin. Further experimentation was limited by the amount of electro-ac- 
15 tive complex available but the use of a more dilute complex sample made it possible to detect a 50 ng/ml (6 x I0e-S M) 
digoxin standard. 

The above experiments were performed with a complex that was about 6 months old and had been stored in buffer 
at 4 *C during that time. The detection limit achieved and the current measured with this complex ; which was found to 
have a 14:1 ferrocene to BSA ratio, was compared with a freshry made complex having a 1 :1 ferrocene to BSA ratio. It 

20 was observed that the current obtained for the 1 4:1 complex is about the same as that obtained for the 1 :1 complex and 
that the detection limit for the 1:1 complex is 100 times tower (i.e. more sensitive) than the 14:1 complex. Although the 
14: i complex would be expected to have a tower detection limit compared "to that of the 1 : 1 complex, the actua[ exper- 
- imental difference in the detection limit is attributable to the difference in freshness of each sample and to the subsequent 
loss in activity of the 14:1 complex over time. 

2S The current detection limit indicated in the examples demonstrates that many therapeutic drugs can be assayed 

using this technique (See Attached Table 2). All compounds above the 5 x 10e-8 M concentration range would be 
detectable with this method. In addition, the actual concentration of digoxin in the sample being measured is 20 fold 
more dilute than indicated by the dose response curve due to the dilution factor of adding 50 u,l of standard to the sample 
matrix. This means that the actual detection limit is 5 x l0e-9 M. Either more sample that 50 u.1 can be used, or preferably 

30 the assay can be performed on undiluted samples. 



TABLE 2 





Therapeutic Range (u.g/d!) 


Molarity 


Theophylline 


1000-2000 


5.6 x 10* 5 - 1.1 x 10- 4 


Dilantin 


1000 - 2000 


4x 10r 5 -8 x 10- s 


Digoxin 


0.08 - 0.2 


1 x 10~ 9 -2.6x 10~ 9 


Tobramycin 


500 - 1000 


1.1 x 10r 5 - 2.1 x 10- 5 


Gentamicin 


500 - 1000 


1.1 x 10- 5 -2.1 X10-5 


Phenobarbital 


1500-4000 


6.5 x 10-5- 1.7 x 10-* 


Lidocaine 


150-500 


6.4 x 10- 6 - 2.1 x 10-5 


Quinidine 


200 - 500 


6.2 x 1CH 5 - 1.5 x 10-5 



4 5 Example 5 

Examples 1 and 2 present well-known methods for conjugating molecules having the appropriate functional groups. 
Carrier molecules having either amino or carboxyl groups can be coupled to the corresponding electroactrve molecules 
or analytes with amino or carboxyl groups using the carbodiimide procedures shown in Example 1. In order to demon- 
50 strate the general application of the complex synthesis procedures we have made the following complexes that exhibit 
similar properties to the BSA complex discussed in the previous examples. 
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TABLE 3 



Cathodic Peak 



Anodic Peak 



TO 



75 



20 



25 



30 



35 



290mV 
2 80mV 
380mV 
380mV 



3 50mV 

3 3 0mV 
430mV 

4 40mV 



Ferrocene carboxylic acid 

a 

Ferrocene-BGG-digoxin 
Ferrocene-BSA-digoxin 
Ferrocene-RNase-digoxin 

a BGG is bovine gamma globulin 

b RNase is ribonuclease 
More con.ro, over the incorporate o. e.ectroacthre mo.ecu.es into the carrier molecule I c^rZ 
molecule is smaller than the 67.000 molecular weight BSA used ,n our examples. Thus. ^J^^** 0 ™*™ 
S.tsulin. ribonuclease. or synthetic peptides may be successful^ employed for earner molecules (Table 4). 

. ■ TABLE 4" 



Protein 


MWxlO 3 


NH 2 groups 


COOH groups 


BSA 


66.5 






ribonuclease 


14.0 


11 


11 


cytochrome C 


13.0 


20 


13 


insulin 


5.7 


2 


5 



All of the molecules in Table 4 are small proteins known to be solub.e in physiotogicah so. 
a smaller molecular weight carrier molecule enables antibody molecules (molecular weight = 150 000) to affect elec 
froSftyTme complex to a greater extent. The protein antigens such as HCG can also contam ^-e = and 
cS7groups. and therefore'ean be coup.ed to the carrier mo.ecule via the carbodumide £^ 
antibody binding ability by theantigen can be enhanced by performance of the coup.,ng.n the presence of bound speafc 
antibody followed by the dissociation of the antigen/antibody complex. 



Claims 

40 



45 



An electroactive complex characterised in that it is soluble in a biological fluid/physiological solution and comprises 
Tx least ^e antigenfc an a*te cova.ent.y-bonded to a carrier molecule, the carrier mo.ecule also bemc , cova- 
fentt bonSJd to I .east onLectroactive molecule, the said carrier molecu.e having plural of s.tes for b,nd,ng 
one or more antigenic analytes and for binding one or more electroactwe molecules. 

. ' An electroactive complex as claimed in claim 1 wherein the analyte is selected from theophylline, thyroxine, digoxin 
and HCG. 

3. An electroac,™ complex as claimed in claim 1 or claim 2 wherein the carrier -molecule .•J*** bovine 

* serum albumin, bovine gamma globulin, ribonuclease. cytochrome C. msuhn and synthetic peptides. 

4 An electroactive complex as claimed in any of claims 1 to 3. wherein the electroactive molecu.e is a ferrocene 
derivative, wh.ch may be ferrocenylacetic acid or ferrocene carboxylic acid. 

* S. An electroactive complex as Caimed in any of claims 1 to 4 wherein it comprises digoxin. bovine serum albumin 

and ferrocene carboxylic acid. 
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An electroactive complex as claimed in claim 5 wherein it is prepared by first binding terrocene carboxylic acid to 
bovine serum albumin and subsequently binding digoxin to the bovme serum albumin. 

A method lor determining me concentration of an analyte present in a btologica. fluid characterised in that it com- 
prises: 

(a) terming an e.ectroactive comp.ex as claimed in any of claims i to 6 such that the " m ^*»*"^. 
In the said biological fiuid and the e.ectroactive mo.ecu.e be,ng capable «^ * 

(b) adding a sample of the biological fluid, optionally containing buffer, predetermined amounts ^art««»c 
Je complex, which competes with Iree analyte. and an antibody to the analyte to an electrochemical cel. 

£?p^ 

using known amounts of analytes to determine the concentration of analyte present in the sample, 
A method as claimed in claim 7 wherein the working and counter electrodes are fabricated from platinum or graphite. 
A method as claimed in cteim 7 or claim 8 wherein the btological fluid is whole blood, plasma, serum or urine. 



Patentanspruche 

1. Elektroakth/er Komplex, dadurch gekennzeichnet. da* er in einer biologischen F ' 0 ^^ 
.oslich ist und er wenigstens einen Antigenanalyten umfaBt. der an ein Tragermolekul kovalen 

das Tragermolekul weiterhin an wenigstens ein elektroaktives Molekul kovalent gebunden ,st. und wobei das ^ Tra- 
germolekOI eine Vlelzahl von Stellen zur Bindung eines Antigenanalyten Oder mehrerer Ant.genanalyten und zur 
Bindung eines elektroaktiven Molekufs Oder mehrerer elektroaktiver Molekule aufwetst. 

2. Elektroaktiver Komptex nach Anspruch 1 , wobei der Analyt aus Theophyllin, Thyroxin, Digoxin und HCG ausgewahlt 
ist. 

3. Elektroaktiver Komplex nach Anspruch 1 Oder Anspruch 2. wobei das Tragermolekul aus Rinderserumalbumin, 
Rinder-gamma-Globulin. Ribonuclease, Cytochrom C. Insulin und synthetischen Peptiden ausgewahlt »t 

4. Eletroaktiver Komplex nach einem der Anspruche 1 bis 3. wobei das elektroaktive Molekul ein Ferrocenderh/at ist, 
das eine Ferrocenylessigsaure Oder eine Ferrocencarbonsaure sein kann. 

5. Elektroaktiver Komplex nach einem der Anspruche 1 bis 4, wobei er Digoxin, Rinderserumalbumin und Ferrocen- 
carbonsaure umfaGt. 

6. Elektroaktiver Komplex nach Anspruch 5. wobei er so hergestellt wird, da3 zunachst Ferrocencarbonsaure an Rin- 
derserumalbumin gebunden wird und anschlieftend Digoxin an das Rinderserumalbumin gebunden wird. 

7. Verfahren zur Bestimmung' der Konzentration eines in einer biologischen Flussigkeit vorhandenen Analyten, 
dadurch gekennzeichnet. daft es umfafM: 

(a) Ausbildung'eines elektroaktiven Komplexes nach einem der Anspruche 1 bis 6. so daG das Tragermolekul 
in der biologischen Flussigkeit loslich ist und das elektroaktive Molekul zur Ubertragung einer Ladung auf erne 
Elektrode befahigt ist: 

(b) Zugabe einer Probe der biologischen Flussigkeit, die wahlweise Puffer enthatt. vorbestimmte Mengen des 
elektroaktiven Komplexes. der mit dem freien Analyten kompetiert, und eines Antikorpers gegen den Analyten 
zu einer mit einem Elektrodenpaar ausgestatteten elektrcchemischen Zelle; 

(c) Anlegen einer Spannung an die Elektroden und Bestimmung des Stromflusses in der Flussigkeit bei ver- 
schiedenen Spannungen. urn ein Spannungs/Strom-Verhaltnis fur die Flussigkeit aufzustellen; und 

(d) Vergleich des Spannungs/Strom-Verhaltnisses fur die Flussigkeit mit Standard-Spannungs/Strom-verhalt- 
nissen, die unter Verwendung bekannter Mengen von Analyten erhalten wurden, urn die Konzentration des in 
der Probe vorliegenden Analyten zu bestimmen. 
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8. Verfahren nach Anspruch 7, wobei die Arbeits- und Gegen-elektroden aus Platin Oder Graphit hergestellt werden. 

9. Verfahren nach Anspruch 7 Oder Anspruch 8, wobei die biologische Flussigkeit Gesamtblut. Plasma, Serum Oder 
Urin ist. 

Revendications 

1. Un complexe electro-actif caracterise en ce qu'il est soluble dans un liquide biologique/solution physiologique el 
comprend au moins un analyte antigenique lie par covalence a une molecule porteuse, la molecule porteuse etant 
egalement liee par covalence a au moins une molecule electro-active, ladite molecule porteuse possedant plusieurs 
sites pour la liaison d'un ou plusieurs anatytes antigeniques et pour la liaison cfune ou plusieurs molecules 
electro-actives. 

2. Un complexe electro-actif tel que revendique dans la revendication 1 , dans lequel I'analyte est choisi parmi la theo- 
phylline, la thyroxine, la digpxine et la gonadotrophine chorionique humaine. 

3. Un complexe electro-actif tel que revendique dans la revendication i ou la revendication 2. dans lequel la molecule 
porteuse est choisie parmi I'albumine de serum bovin. la gamma-g lob u line bovine, la ribonuclease, le cytochrome 
C. Pinsuline et tes peptides synthetiques. 

4. Un complexe electro-actif tel que revendique dans Tune quelconque des revendications 1 a 3, dans lequel la mole- 
cule electro-active est un derive de ferrocene, qui peut etre I'acide ferrocenylacetique ou I'acide ferrocene-carboxy- 
lique. . 

5. Un complexe electro-actif tel que revendique dans Tune quelconque des revendications 1 a 4, qui se compose de 
digoxine, d'albumine de serum bovin et d'acide ferrocene-carboxylique. 

6. Un complexe electro-actif tel que revendique dans la revendication 5, qui est prepare en liant d'abord I'acide ferro- 
cene-carboxylique a I'albumine de serum bovin puis en liant la digoxine a I'albumine de serum bovin. 

7. Une methode pour determiner la concentration d'un analyte present dans un liquide biologique. caracterisee en ce 
qu'elle consiste a : 

(a) former un complexe electro-actif tel que revendique dans Tune quelconque des revendications 1 a 6, de 
sorte que la molecule porteuse soit soluble dans iedit liquide biologique et que la molecule electro-active soit 
capable de transferer une charge a une electrode ; 

(b) ajouter un echantillon du liquide biologique, contenant facultativement un tampon, des quantites predeter- 
miners du complexe electro-actif , qui entre en competition avec I'analyte libre. et d'un anticorps dirige contre 
I'analyte. a une cellule electrochimique equipee d'un jeu d'Stectrodes ; 

(c) appliquer une tension entre les electrodes et mesurer ie courant dans le liquide a differentes tensions pour 
etablir une relation tens ion/cou rant pour le liquide ; et 

(d) comparer la relation tension/courant pour le liquide avec des relations tension/courant etalonnees etablies 
en utilisant des quantites connues d'analytes. pour determiner la concentration de I'analyte present dans 
I'echantillon. 

8. Une methode telle que revendiquee dans la revendication 7. dans laquelle I'electrode de travail et la contre-electrode 
sont formees de platine ou de graphite. 

9. Une methode telle que revendiquee dans la revendication 7 ou la revendication 8, dans laquelle le liquide biologique 
est du sang entier, du plasma, du serum ou de I'urine. 
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